Key indicators: single-crystal X-ray study; T = 90 K; mean (C-C) = 0.004 Å; R factor = 0.025; wR factor = 0.064; data-to-parameter ratio = 18.0.
The title compound, C 21 H 23 BrO 3 [systematic name: (3E,3aS,6Z,9R,9aS,9bS)-3-(2-bromobenzylidene)-9-hydroxy-6, 9-dimethyl-3,3a,4,5,7,8,9,9a-octahydroazuleno[4,5-b] furan-2(9bH)-one] was prepared by the reaction of 1-bromo-2iodobenzene with micheliolide [systematic name: (3aS,R,-9aS,9bS,Z)-9-hydroxy-6, 9-dimethyl-3-methylene-3,3a,4,5,7,8,-9,9a-octahydroazuleno[4,5-b] furan-2(9bH)-one] under Heck reaction conditions. The title compound exhibits intramolecular O-HÁ Á ÁO hydrogen bonding between the hydroxy group and the lactone ring O atom, forming a ring of graph-set motif S(6). The 2-bromophenyl group is trans to the lactone ring, indicating that this is the E isomer (geometry of the exocyclic C C bond). The dihedral angle between the benzene ring of the 2-bromophenyl moiety and the mean plane of the lactone ring is 51.68 (7) .
Related literature
For the biological activity of micheliolide Michael addition compounds, see: Rodriguez et al. (1976) ; Sethi et al. (1984) ; Neelakantan et al. (2009) ; Zhang et al. (2012) . For details of the Heck chemistry, see: Han et al. (2009) . For the crystal structure of micheliolide, see: Acosta et al. (1991) . For the crystal structure of a similar compound, see: Penthala et al. (2013) Data collection: COLLECT (Nonius, 1998) ; cell refinement: SCALEPACK (Otwinowski & Minor, 2006) ; data reduction: DENZO-SMN (Otwinowski & Minor, 2006) ; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008b) ; program(s) used to refine structure: SHELXL2013 (Sheldrick, 2008b) ; molecular graphics: XP in SHELXTL (Sheldrick, 2008b) ; software used to prepare material for publication: SHELXL97 (Sheldrick, 2008b ).
Comment
Micheliolide (MCL) belongs to the class of guaianolide sesquiterpene lactones, which are being developed for the treatment of cancer (Sethi et al., 1984 and Zhang et al., 2012) . The exocyclic double bond in such sesquiterpenes is believed to be responsible for their biological properties because of its exceptional chemical reactivity with nucleophilic groups (Rodriguez et al., 1976) . The MCL crystal structure was described by Acosta et al. (1991) . Recently, micheliolide
Michael addition analogs were reported as potent anti-leukemic agents (Zhang et al., 2012) . In a recent communication we reported the crystal structure of (E)-13-(4-aminophenyl)parthenolide, a Heck reaction derivative of parthenolide (Penthala et al., 2013) . Now, in continuation of our research on sesquiterpene lactones as anti-leukemic agents (Neelakantan et al., 2009) , we are focusing on the synthesis of the title E-olefinic analogue of micheliolide, which was obtained from the reaction of micheliolide with 1-bromo-2-iodobenzene utilizing Heck chemistry (Han et al., 2009) . In order to obtain detailed information on the structural conformation of the title compound and to establish the geometry of the exocyclic double bond, a single-crystal X-ray structure determination has been carried out.
Recrystallization of the title compound from hexanes gave colorless needles that were suitable for X-ray analysis. The title molecule, Fig. 1 , contains a central seven-membered carbocyclic ring fused to a 5-membered carbocylic ring and a trans lactone ring. The two five-membered rings are in half-chair conformations, as reported in the literature for the parent compound, micheliolide (Acosta et al., 1991) . The X-ray studies revealed that the title compound exhibits intramolecular O-H···O hydrogen bonding to form a ring of graph-set motif S(6). The 2-bromophenyl group is oriented trans to the lactone ring to form the E isomer (geometry of the exocyclic C═C bond). The H atom of the hydroxy group in the molecule forms an intramolecular hydrogen bond with the lactone ring oxygen atom. The dihedral angle between the benzene ring of the 2-bromophenyl group and the mean plane of the lactone ring is 51.68 (7)°.
Experimental
A mixture of micheliolide (prepared from parthenolide, Zhang et al., 2012) (50 mg, 0.20 mmol), triethylamine (60 mg, 0.61 mmol), and 1-bromo-2-iodobenzene (63 mg, 0.22 mmol) in dimethylformamide (1 ml) was treated with palladium(II) acetate (0.5 mg, 0.002 mmol) and then stirred at 353 K for 24 h. The reaction mixture was cooled to room temperature, water (8 ml) was added, and the mixture was extracted with ethyl acetate (10 ml x 3). The separated organics were dried over anhydrous Na 2 SO 4 and concentrated under reduced pressure. The crude residue was purified using silica flash chromatography (7:3, hexanes/EtOAc) to afford the title compound, which was recrystallized from hexanes as colorless needles suitable for X-ray analysis (65 mg CDCl 3 ): δ 22. 57, 23.69, 24.91, 29.86, 35.36, 38.23, 48.93, 58.99, 80.79, 124.14, 126.93, 129.86, 130.47, 130.55, 131.03, 131.50, 132.86, 134.54, 136.70, 170.68 p.p.m.. 
Refinement
H atoms were found in difference Fourier maps. Carbon-bound H atoms were subsequently placed at idealized positions with constrained distances of 0.98 Å (RCH 3 ), 0.99 Å (R 2 CH 2 ), 1.00 Å (R 3 CH) and 0.95 Å (C sp2 H). The hydroxy hydrogen coordinates were refined. U iso (H) values were set to either 1.2U eq or 1.5U eq (RCH 3 , OH) of the attached atom.
Computing details
Data collection: COLLECT (Nonius, 1998) ; cell refinement: SCALEPACK (Otwinowski & Minor, 2006) ; data reduction:
DENZO-SMN (Otwinowski & Minor, 2006) ; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008b) ; program(s) used to refine structure: SHELXL2013 (Sheldrick, 2008b) ; molecular graphics: XP in SHELXTL (Sheldrick, 2008b) ; software used to prepare material for publication: SHELXL97 (Sheldrick, 2008b) .
Figure 1
A view of the molecule with displacement ellipsoids drawn at the 50% probability level. (3E,3aS,6Z,9R,9aS,9bS)-3-(2-Bromobenzylidene)-9-hydroxy-6,9-dimethyl-3,3a,4,5,7,8,9 
Special details
Experimental. The crystal was mounted with polyisobutene oil on the tip of a fine glass fibre, fastened in a copper mounting pin with electrical solder. It was placed directly into the cold stream of a liquid nitrogen based cryostat. Diffraction data were collected with the crystal at 90 K, which is standard practice in this laboratory for the majority of flash-cooled crystals. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Br1 0.79983 (4) −0.11654 (2) 0.35920 (2) 0.03215 (9) (3) C18-H18 0.9500 C6-H6 1.0000 C19-C20 1.393 (4) C7-C11 1.514 (4) C19-H19 0.9500 C7-C8 1.524 (4) C20-C21 1.392 (4) C7-H7 1.0000 C20-H20 0.9500 C8-C9 1.532 (4) C21-H21 0.9500 C8-H8A 0.9900 -O2-C6 110.22 (19) C8-C9-H9A 106.9 C4-O3-H3 106 (3) C10-C9-H9A 106.9 C10-C1-C5 130.0 (2) C8-C9-H9B 106.9 C10-C1-C2 123.2 (2) C10-C9-H9B 106.9 C5-C1-C2 106.8 (2) H9A-C9-H9B 106.7 C3-C2-C1 105.8 (2) C1-C10-C14 120.2 (2) C3-C2-H2A 110.6 C1-C10-C9 128.6 (2) C1-C2-H2A 110.6 C14-C10-C9 110.8 (2) 
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